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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to integrated circuits, and more specifically to integrated 
circuits that include active components and at least one passive component and methods of 
fabricating such integrated circuits. 

2 . D escription o f Related Art 

A DRAM cell consists of a control MOS transistor T and a storage capacitor C 
connected in series between an electrical ground M and a bit line BL, as shown in Figure 1 . 
The gate of the control transistor T is connected to a word line WL. The transistor T controls 
the flow of electrical charges between the capacitor C and the bit line BL. The electrical 
charge in the capacitor C determines the logic level ( 1 or 0) of the memory cell. When the 
memory cell is read, the capacitor C is discharged into the bit line BL. For fast and reliable 
reading of the value of the electrical charge in the storage capacitor C, the capacitance of the 
capacitor must be high compared to the capacitance of the bit line BL during the reading phase. 

A large number of such DRAM cells are assembled in the form of a matrix to generate 
a memory plane that can include millions of individual cells. In some applications, the memory 
plane is within a complex integrated circuit. It is then referred to as an "onboard memory". 
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There are many ways to make the storage capacitors of the such cells of an onboard 
memory. In the context of integrated circuits using sub-micron MOS transistors and including 
an onboard DRAM plane, it is generally preferred to produce the components of the integrated 
circuit in the substrate first and then to produce the storage capacitor C on top of the active 
components, before the levels of metal interconnections. This production sequence is the most 
efficient for maximizing the integration density of the integrated circuit components. Thus, the 
whole of the surface of the silicon of the memory plane can be used for the control transistors 
with the electrodes of the storage capacitors grown in the height-wise direction to increase the 
capacitance of each capacitor. 

Each storage capacitor generally consists of two conductive plates (e.g., made of 
doped polycrystalline silicon) separated by a dielectric layer whose thickness is on the order 
of 20 run. To produce this kind of storage capacitor, one plate of the capacitor is connected 
to one junction of the control MOS transistor T, as shown in Figure 1 . An ohmic contact can 
be established between the polycrystalline silicon constituting one plate of the storage capacitor 
and a doped monocrystalline silicon region if the two areas have the same type of conductivity. 

A conventional storage capacitor of a cell of an onboard DRAM plane will now be 
described in more detail. Figure 2 shows in cross-section one example of a conventional 
integrated circuit including, in the right-hand part, an N-type MOS transistor 1 and, in the left- 
hand part, a capacitor 2 that can be used as a storage capacitor in a cell of an onboard DRAM 
plane. Such an integrated circuit is generally produced in the following manner. 

Shallow trenches 7 filled with an insulating material are formed in a P-type 
monocrystalline silicon substrate 3 . Monocrystalline silicon active areas 5 and 6 between the 
trenches are flush with the surface of the substrate. An oxide 8 is formed on the surface of the 
substrate and polycrystalline silicon 10 is deposited on the surface of the oxide 8. The 
polycrystalline silicon 1 0 is then etched so as to produce the control gate of the MOS transistor 
1 as well as that of the other MOS transistors of the integrated circuit. 

N-type dopants are implanted in a conventional manner. The implantation is masked 
by the polycrystalline silicon 10 so that onlythe uncovered portions 5 a and 6a of the active 
areas 5 and 6 are converted into N-type silicon. A doping level (denoted "N" in Figure 2) 
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greater than 5 x 1 0 19 at/cm 3 is obtained in the uncovered areas 5a and 6a, which is propitious 
for forming ohmic contacts. Two insulating layers 1 2 and 1 3 are then deposited successively 
and are such that they can be selectively etched relative to each other. A chemical and 
mechanical polishing (CMP) step produces aplane surface on the external insulating layer 1 3 . 
A cavity 1 6 is formed in the insulating layer 1 3 and a contact hole 1 7 is formed between the 
bottom of the cavity 16 and the surface of the active area 6a. 

Polycrystalline silicon 1 8 is then deposited so that it fills the contact hole 1 7 and carpets 
the bottom and the sides of the cavity 16. The polycrystalline silicon 1 8 constitutes the first 
plate of the capacitor 2. It must be strongly doped to reduce spurious resistances, especially 
in the contact hole 17. The polycrystalline silicon 18 must have an N-type doping level of at 
least 5 x 1 0 19 at/cm 3 inside the contact hole 1 7. To this end, it is possible to deposit doped 
polycrystalline silicon in situ using the chemical vapor deposition (CVD) process. However, 
the dopant present during deposition greatly reduces the rate of deposition and therefore 
increases the cost of deposition. 

Another method deposits undoped polycrystalline silicon and then dopes it by ion 
implantation, hi this case the structure must be strongly annealed to ensure strong doping 
throughout the thickness of the layer and in particular in the contact hole 1 7. The thermal 
budget associated with such diffusion annealing (e.g., carried out at 950°C for 20 minutes) may 
be incompatible with the production of MOS transistors with sub-micron dimensions. 
Additionally, the dopant of the polycrystalline silicon layer 1 8 must not penetrate into the active 
area of the underlying N-type monocrystalline silicon active area, as it would then enlarge and 
disrupt it. It is thus preferable to use arsenic as the dopant for the polycrystalline silicon. 
Arsenic has the property of not passing easily through the polycrystalline sihcon/monocrystalline 
silicon interfaces. However, arsenic diffuses relatively little and the thermal budget must 
therefore be increased. 

To complete the capacitor 2, an insulating deposit 1 9 (e.g. , of silicon oxide or silicon 
nitride) is produced by the CVD process. A doped polycrystalline silicon layer 20 is then 
deposited on top of layers 1 8 and 1 9 to constitute the second plate of the capacitor 2. A CMP 
step eliminates any layers 18,19, and 2 0 above the top surface of the insulating layer 1 3 . One 
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level of interconnection is then produced by carrying out the following steps . An oxide layer 
30 is deposited and contact openings 3 1 and 32 are etched. Contact opening 3 1 opens onto 
one junction of theMOS transistor 1 and contact opening 32 opens onto the second plate 20 
of the capacitor 2 . The contact holes 3 1 and 3 2 are then filled with tungsten terminals 33 and 
34. Finally, a metal 35 is deposited and etched to produce the first level of interconnection of 
the integrated circuit. 

This conventional structure and fabrication process has many drawbacks. First, there 
are problems regarding ohmic contact between the polycrystalline silicon 18 constituting one 
plate of the capacitor 2 and the doped monocrystalline silicon region 6a. The resistance of the 
contact is high because polycrystalline silicon is resistive. Moreover, the efficiency of the 
contact is not very high because the technology for having direct contact between 
polycrystalline silicon and monocrystalline silicon is not in widespread use and the quality of the 
monocrystalline silicon/polycrystalline silicon interface is difficult to control and make 
reproducible. Additionally, with regard to the problems of efficiency, the contact surface area 
of the contact hole 1 7 is generally smaller than that of the corresponding diffusion 6a. The 
contact hole 1 7 does not extend right through and does not straddle the boundary between the 
active area 6 a and the trench 7. 

Major technological constraints are also encountered. For example, the etching of the 
insulating layer 13 must be selective relative to the insulating layer 12. This necessity for 
selectivity renders the choice of insulation critical or complicates the stacking of the insulating 
layers 1 2 and 1 3 . The topology of the cavity 1 6, which is deep and narrow, makes it difficult 
to form the contact hole 1 7 at the bottom of the cavity. Furthermore, the deposition of the 
layer 1 8 constituting the first plate of the capacitor 2 is unreliable (in terms of contact quality), 
difficult, and costly. The relatively great thickness of the layer 1 8 at the location of the hole 1 7 
constitutes an additional problem. 

Further, contact hole 31 is very deep (a few micrometers) because it passes in 
succession through insulating layers 30, 1 3, and 12. The contact holes 3 1 and 32 have very 
different depths. This makes it technologically very difficult to produce this kind of contact with 
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minimum design rules. The use of more severe design rules is therefore obligatory, and this 
increases the surface area of the integrated circuit. 

SUMMARY OF THE INVENTION 
5 In view of these drawbacks, it is an object of the present invention to overcome the 

above-mentioned drawbacks and to provide a low-resistance electrical contact between a 
passive component on top of transistors of an integrated circuit and underneath a first level of 
interconnection and another component of the integrated circuit. 

Another object of the present invention is to allow the use of monocrystalline silicon to 
1 0 make contact with a material of apassive component that is a pollutant relative to the integrated 

circuit. 

Yet another object of the present invention is to make reliable contacts between the 
storage capacitor of an onboard DRAM cell and a junction of the control transistor of that 
capacitor. 

15 A further obj ect of the present invention is to make an electrical contact between the 

storage capacitor of an onboard DRAM cell and a junction of the control transistor of that 
capacitor without using dedicated steps. 

Still another obj ect of the present invention is to facilitate producing contact openings 
between the first metal level of interconnection and the active components of an integrated 

20 circuit. 

One embodiment of the present invention provides an integrated circuit having a 
plurality of active components including junctions formed in a monocrystalline substrate doped 
locally, and at least one passive component situated above the active components. The 
integrated circuit includes a first insulating layer separating the active components and abase 
25 of the passive component, and a metal terminal for electrically connecting the passive 

component with at least one of the active components . The metal terminal is formed in the 
thickness of the first insulating layer and has a contact surface that proj ects from the limits of 
a junction of the one active component. In a preferred embodiment, the passive component 
is a capacitor. 
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Another embodiment of the present invention provides an integrated circuit including 
a plurality of transistors, a plurality of passive components, and a level of local metal 
connections formed within a first insulating layer that is deposited on top of the transistors of 
the integrated circuit. The integrated circuit includes first, second, and third metal terminals 
5 passing completely through the thickness of the first insulating layer. The first metal terminal 

constitutes a first stage of contact between an active area of the integrated circuit and a first 
level of interconnection. The second metal terminal vertically connects an active area of the 
integrated circuit to a passive component resting on the first insulating layer. The third metal 
terminal horizontally connects two separate active areas of the integrated circuit, hi one 

1 0 preferred embodiment, the second metal terminal has a contact surface pr oj ecting from the 
limits of a junction of an active component. 

Yet another embodiment of the present invention provides a method of fabricating an 
integrated circuit that includes a plurality of MOS transistors and an onboard memory plane of 
DRAM cells in a matrix, with each of the cells consisting of a control transistor and a storage 

1 5 capacitor. According to the method, transistors are formed in a silicon substrate, and a first 

insulating layer is deposited on top of the transistors . Polishing is performed to produce a plane 
surface on the first insulating layer. Cavities are formed through the first insulating layer, and 
the cavities are filled with metal terminals . Abottom part of a first metal terminal is in electrical 
contact with at least one component of the underlying integrated circuit, a bottom part of a 

20 second metal terminal is in electrical contact with ajunction of one of the control transistors, 

and a bottom part of a third metal terminal is in electrical contact with components of the 
integrated circuit to be interconnected. Additionally, a capacitor is formed above the second 
metal terminal such that abottom electrode of the capacitor is in electrical contact with atop 
part of the second metal terminal. In a preferred method, the first, second, and third metal 

25 terminals are made principally of tungsten. 

Other obj ects, features, and advantages of the present invention will become apparent 
from the following detailed description. It should be understood, however, that the detailed 
description and specific examples, while indicating preferred embodiments of the present 
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invention, are given by way of illustration only and various modifications may naturally be 
performed without deviating from the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a circuit diagram of a conventional DRAM cell; 

Figure 2 shows a conventional integrated circuit in cross-section; 

Figure 3 shows in cross-section a step in the fabrication of an integrated circuit in 
accordance with a preferred embodiment of the present invention; 

Figure 4 is a top view of a portion of the integrated circuit of Figure 3; 

Figure 5 shows in cross-section another step in the fabrication of an integrated circuit 
in accordance with the preferred embodiment; and 

Figure 6 shows in cross-section a further step in the fabrication of an integrated circuit 
in accordance with the preferred embodiment. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described in detail hereinbelow 
with reference to the attached drawings. Like items are designated by the same reference 
numbers in the various figures. Also, as is the usual practice in representing integrated circuits, 
the various figures are not drawn to scale. 

Preferred embodiments of the present invention provide integrated circuits that include 
active components and at least one passive component and methods of fabricating such 
integrated circuits. The present invention is particularly suited to the production of an integrated 
circuit that includes a plurality of active components and incorporates within it a plane of 
dynamic random access memory (DRAM) cells. 

In one preferred embodiment, an integrated circuit includes a plurality of active 
components including junctions formed in a monocrystalline substrate doped locally and at least 
one passive component situated on top of the active components and electrically connected to 
at least one of the active components. A first insulating layer separates the active components 
and the base of the passive component. The electrical connection is made by a metal terminal 
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formed in the thickness of the insulating layer and having a contact surface projecting from the 
limits of a junction of an active component. 

In another embodiment of the present invention, an integrated circuit includes a plurality 
of transistors and passive components with a level of local metal connections formed within a 
5 first insulating layer deposited on top of the transistors of the integrated circuit. The integrated 

circuit includes three types of metal terminals passing completely through the thickness of the 
first insulating layer. The first type of terminal constitutes a first stage of contact between an 
active area of the integrated circuit and a first level of interconnection. The second type of 
terminal vertically connects an active area of the integrated circuit to a passive component 

1 0 resting on the first insulation. The third type of terminal horizontally connects two separate 

active areas of the integrated circuit. 

Preferably, the second type of terminal advantageously has a contact surface projecting 
from the limits of a junction of an active component. The passive components can include 
capacitors and/or inductors. The final thickness of the first insulation layer is preferably greater 

1 5 than 0.3 micrometers, the top surface of the first insulation layer is preferably plane, and the 

metal terminals are preferably made principally of tungsten. In one advantageous embodiment, 
the passive component is set into a cavity formed throughout the thickness of a second layer 
of insulation deposited on top of the first layer of insulation. Preferably, the thickness of the 
second layer of insulation is greater than 2 micrometers. 

20 Another preferred embodiment of thepresent invention provides an integrated circuit 

that includes an onboard memory plane of DRAM cells in a matrix, with each of the cells 
including a control transistor and a storage capacitor. The integrated circuit also includes a 
plurality of MOS transistors. A first level of interconnection is situated on top of the storage 
capacitors. A first layer of insulation separates the MOS transistors and the base of the storage 

25 capacitors. A level of local connections includes three types of metal terminals opening onto 

each side of the layer of insulation. The first type of terminal forms a first stage of contact 
between an active area of the integrated circuit and the first level of interconnection. The 
second type of terminal vertically connects an active area of the integrated circuit with one plate 
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of the storage capacitor. The third type of terminal horizontally connects two separate active 
areas of the integrated circuit. 

Preferably, the second type of terminal advantageously has a contact surface projecting 
from the limits of a junction of an active component. Some embodiments of the integrated 
circuit include a second layer of insulation situated on top of the first layer of insulation. A 
cavity passes through the entire thickness of the second layer of insulation and opens onto the 
top surface of the second type of terminal. The first electrode of a storage capacitor carpets 
the bottom and the inside flanks of the cavity. A third layer of insulation is also preferably 
provided on top of the second layer of insulation, and a contact opening preferably passes 
through the second and third layers of insulation and opens onto the top surface of the metal 
terminal of the first type. 

Yet another preferred embodiment of the present invention provides a method of 
fabricating an integrated circuit that includes a plurality of MOS transistors and an onboard 
memory plane of DRAM cells in a matrix, with each of the cells consisting of a control 
transistor and a storage capacitor. According to the method, transistors are formed in a silicon 
substrate, and a first layer of insulation is deposited on top of the transistors. A polishing 
operation is used to produce aplane surface on the insulation. Cavities are formed through the 
insulating layer and filled with metal terminals so that the bottom part of a first type of terminal 
is in electrical contact with at least one component of the underlying integrated circuit, the 
bottom part of a second type of terminal is in electrical contact with a junction of the control 
transistor, and the bottom part of a third type of terminal is in electrical contact with 
components of the integrated circuit to be interconnected. A capacitor is formed on top of a 
terminal of the second type such that the bottom electrode of the capacitor is in electrical 
contact with the top part of the terminal of the second type. 

In some embodiments, after forming the metal terminals, a second layer of insulation 
more than 2 micrometers thick is deposited on top of the first layer of insulation and the top 
surface of the metal terminals. Cavities are formed through the second insulating layer and as 
far as the top surface of a second type of terminal, and the electrodes of the storage capacitor 
are grown on the bottom of the cavity and on the flanks of the cavity. 
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One exemplary embodiment of the present invention will now be described in detail 
with reference to Figures 3-6. Figure 3 shows a first step of a process for fabricating an 
integrated circuit that includes a plane of onboard DRAM cells. The left-hand part of Figure 
3 shows a control transistor T of the storage capacitor of a memory cell. The right-hand part 
5 of Figure 3 shows any other transistor Ti of the integrated circuit, as an example of an active 

component. These two transistors are fabricated as follows in this exemplary embodiment. 

Shallow trenches 101 filled with a dielectric material are formed in a P-type 
monocrystalline silicon substrate 1 00. A gate oxide 1 03 is formed. A layer of polycrystalline 
silicon is then deposited. After etching, the polycrystalline silicon forms the control gate 1 02 

10 of the MOS transistors. The gate is insulated from the substrate by the gate oxide 103. 

Implantation of phosphorus or arsenic ions creates N-type doped monocrystalline silicon 
regions 104 in the monocrystalline silicon that is uncovered during implantation. This 
implantation also renders conductive the polycrystalline silicon that remains after the etching. 
A first thick oxide 1 05 is then deposited. A chemical and mechanical polishing (CMP) 

15 operation produces a plane surface on the deposited oxide 105. In this exemplary 

embodiment, the oxide is approximately 0.4 microns thick. The thickness fluctuates according 
to the underlying relief of the circuit. Cavities 1 06a, 1 07a, and 1 08 a are formed in the first 
thick oxide 105. Metal deposition followed by polishing produces metal (for example, 
tungsten) terminals 106, 107,and 108 only in the cavities 106a, 107aand 108a. The functions 

20 and the dimensions of the terminals are different. 

Terminal 1 06 is a first stage of contact with the components of the integrated circuit. 
Terminal 107 provides a vertical connection between one of the two j unctions of the control 
MOS transistor T of the DRAM cell and the first electrode of the storage capacitor (not yet 
formed) of the onboard DRAM cell. Terminal 108 provides a level of local interconnection. 

25 It is used to connect two closely spaced components of the integrated circuit. For example, 

terminal 1 0 8 can connect the gate 1 02 of the polycrystalline silicon MOS transistor Ti directly 
to an adj acent strongly doped monocrystalline silicon area. As another example, the terminal 
1 08 can equally well connect two closely spaced but separate active areas, provided that there 
is no other component of the integrated circuit on the path of terminal 108. 
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Figure 4 is a top view of a portion of the integrated circuit of Figure 3 . Rectangles 1 09 
in Figure 4 show the complement of the shallow trenches 101. These are the monocrystalline 
silicon active areas in which various components of the integrated circuit are formed. 
Rectangles 102 represent etched polycrystalline silicon. The metal terminals 106, 107, and 108 
5 are also shown. 

The characteristic dimension of terminal 106, the first contact stage, constitutes a 
parameter that determines the integration density of the integrated circuit. It should be as small 
as possible. The characteristic dimension of terminal 1 06 depends in practice on the minimum 
size authorized for the fabrication process that is used, and also on the thickness of the layer 
10 105 that is etched before forming the terminal. The thinner the layer 105, the more precise the 

etching of this layer. In preferred embodiments of the present invention, the fabrication process 
reduces the thickness of the oxide 1 05, whose main function is to cover all the components of 
the integrated circuit and in particular the polycrystalline silicon 102. 

The characteristic dimension of terminal 1 07, providing a vertical connection between 
1 5 the active area 1 09 and the bottom electrode of the storage capacitor of the DRAM cell (not 
yet formed), matches this particular connection configuration. Terminal 1 07 is preferably made 
as large as possible subject to the condition that no unwanted electrical contact is made 
between the various components of the integrated circuit. 

The characteristic dimension of terminal 108, providing a level of local interconnection, 
20 matches the required connectivity. In the example of Figure 4, terminal 1 08 establishes 

electrical contact between the gate of the MOS transistor Ti and a junction of the sameMOS 
transistor Ti. It is equally possible to extend the terminal 108 toward other components of the 
integrated circuit, although this is not shown in the example of Figure 4. 

Figure 5 represents another step in the fabrication of the integrated circuit in 
25 accordance with the exemplary embodiment of the present invention. This figure shows the 

production of the storage capacitor C of the onboard DRAM cell. A second layer 1 13 of 
insulation is deposited on the top surface of layer 1 05, in which the tungsten terminals 1 06, 1 07, 
and 108 have previously been formed. At this stage of the process, there are two stacked 
layers 105 and 1 1 3 of insulation. The two layers can be of different kinds so that they can be 
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selectively etched with respect to each other. They can equally be of the same kind (for 
example, silicon oxide) and separated by a third layer (for example, silicon nitride) . This kind 
of stack enables selective etching of layer 113, with the etching stopping in the intermediate 
layer. 

A cavity 1 1 6 is then etched in the insulation 113. Because the etching is selective, the 
bottom of the cavity 1 1 6 is substantially plane and rests partly on the top surface of the tungsten 
terminal 1 07 and partly on the top surface of oxide layer 105. The storage capacitor C of the 
DRAM cell is then formed inside the cavity 116. The depth of the cavity partly determines the 
capacitance of the capacitor C. The thickness of the insulation 113 can be more than a few 
micrometers if the capacitor C is required to have a high capacitance. 

Polycrystalline silicon is deposited so that it carpets the bottom and the sides of the 
cavity 116. This polycrystalline silicon constitutes the first plate 1 26 of the capacitor C. It must 
be strongly doped to reduce the contact resistances, in particular at the interface with the 
tungsten terminal 1 07. This doping requirement is easily satisfied since the thickness of the 
polycrystalline silicon to be doped is only that of the deposited polycrystalline silicon. There 
is no longer any relief effect, as in the conventional device, that would otherwise locally increase 
the thickness of polycrystalline silicon to be doped. Because of this, implantation of 
phosphorus followed by rapid thermal annealing (RTA) is sufficient (for example, for 20 
seconds at 1,000*C). 

The thermal budget is low and an atom that diffuses easily is used. Thanks to the 
tungsten terminal 107, which creates a barrier to diffusion, phosphorus atoms from the 
polycrystalline layer 1 26 cannot penetrate as far as the very thin N junction of region 1 04 of 
the transistor T, and there is therefore no risk of interfering with it. The type of conductivity of 
the doping of layer 1 26 is immaterial, and not necessarily the same type as that of the junction 
in the monocrystalline silicon 1 00. A layer 127 of insulation (for example, silicon oxide or 
silicon nitride) is then deposited. A doped polycrystalline silicon second plate 1 28 is formed 
inside the cavity 116 and on top of layers 1 26 and 1 27 . A CMP stage eliminates any surplus 
materials from the layers 126, 127, and 128 present on top of the insulation layer 1 13. 
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To reduce the contact resistances, the surfaces of the tungsten terminal 1 07 in contact 
with the monocrystalline silicon of region 1 04 and the plate 126 are preferably enlarged to use 
all of the available space without increasing the surface area of the memory cell, hi particular, 
the production of the tungsten terminals is sufficiently well controlled to produce a terminal 107 
proj ecting from the doped monocrystalline silicon of region 1 04 . This was not the case in the 
conventional integrated circuit, where the contact was made via the polycrystalline silicon filling 
the hole 17 (Figure 2) because direct contact between monocrystalline silicon and 
polycrystalline silicon is more difficult to control on an industrial scale. 

Also, the vertical resistance of the tungsten terminal 107 relative to the vertical 
resistance of the polycrystalline silicon in the hole 1 7 of the conventional integrated circuit is 
very greatly reduced, because of the resistivity of the metal and because of the enlarged section 
of the terminal 1 07 relative to the hole 1 7 . Note that this advantageous aspect of the present 
invention can equally be applied whenever a metal contact has to make an electrical connection 
between an active component of an integrated circuit (including a junction) and a passive 
component (such as a capacitor, a resistor, or an inductor) at a level higher than that of the 
active component. 

Figure 6 shows the next step in the fabrication of the integrated circuit including an 
onboard memory in accordance with the exemplary embodiment of the present invention. A 
thick third oxide layer 130 is deposited. A chemical and mechanical polishing (CMP) 
operation produces a plane surface on the deposited oxide 130. The oxide 130 is 
approximately 0.5 micrometer thick. Next, a contact opening 131 is etched through insulation 
130 and 113 and another contact opening 132 is etched through insulation 130. 

These openings are then filled with metal (for example, tungsten) terminals 133 and 
134. The bases of the terminals 133 and 134 are respectively in electrical contactwith the top 
part o f tungsten terminal 106 and the polycrystalline silicon second plate 128 of the cap acitor 
C. A metal (for example, aluminum) layer 135 is then deposited and etched, so as to constitute 
the first level of interconnection of the integrated circuit. Tungsten terminal 1 33 rests on 
terminal 1 06, and constitutes a second stage of contact with the components of the integrated 
circuit. 
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The technological operation for opening up the contacts of the integrated circuit is 
facilitated by the method according to the present invention, because it is effected in two stages 
and through thinner insulating oxide. This is particularly important because the presence of the 
capacitor C very significantly increases the vertical distances, because of the presence of the 
oxide layer 113. The present invention preferably avoids opening up contacts throughout the 
thickness of the three layers of insulation 105,113, and 130, which would require an increase 
over the minimum design rules for the integrated circuit. Therefore, the component density of 
an integrated circuit in accordance with the present invention including an onboard DRAM can 
be significantly increased. 

Many other embodiments of the present invention can be envisaged. Only the main 
steps of one exemplary method of fabricating an integrated circuit in accordance with the 
present invention have been described in detail. For example, the types of junction can be 
changed. Likewise, the active areas and the polycrystalline silicon can contain silicide and there 
is no limit on the number and the nature of the insulating layers. There is also no limit on the 
number and the nature ofthe levels of interconnection. Further, the technology used conjointly 
with the onboard DRAM cells can be any technology (for example, bipolar, JFET, and so on). 

The present invention can be applied to any type of capacitor situated on top of active 
components of an integrated circuit and achieves a contact ofhigh quality and low resistance, 
economic fabrication, and a saving of space in the circuit. Although the present invention has 
been described in detail with reference to a capacitor, it can clearly be applied in the same way 
to any type of passive component (such as a resistor or inductor) situated on top of active 
components of an integrated circuit, and also achieves a contact ofhigh quality and low 
resistance, economic fabrication, and a saving of space in the circuit. For example, it is 
possible to substitute a copper inductor formed by a damascene process (using a similar cavity) 
for the capacitor formed in the exemplary fabrication process shown in the figures. 

The present invention is therefore applicable to any type of passive component, 
including in particular polluting materials that cannot come into direct contact with 
monocrystalline silicon. For example, this applies to copper inductors and capacitors using 
perovskite (PZT) materials. 
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While there has been illustrated and described what are presently considered to be the 
preferred embodiments of the present invention, it will be understood by those skilled in the art 
that various other modifications may be made, and equivalents may be substituted, without 
departing from the true scope of the present invention. Additionally, many modifications may 
5 be made to adapt a particular situation to the teachings of the present invention without 

departing from the central inventive concept described herein. Furthermore, an embodiment 
of the present invention may not include all of the features described above. Therefore, it is 
intended that the present invention not be limited to the particular embodiments disclosed, but 
that the invention include all embodiments falling within the scope of the appended claims. 

10 
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